A number of geophysical onshore and offshore experiments were carried out along a profile across the 7 southern margin of the African Plate in the framework of the Inkaba yeAfrica project. Refraction 8 seismic experiments show that Moho depth decreases rapidly from over 40 km inland to around 30 km 9 at the present coast, before gently thinning out towards the Agulhas-Falkland Fracture Zone, which 10
Introduction
orthoquartzites (Hälbich, 1983 (Hälbich, , 1993 Tankard et al., 1982; Broquet, 1992; Catuneanu et al., 1998) . 71
Together with the lower units of the Karoo Basin (see above), the Cape Supergroup rocks were 72 deformed at ~250 Ma, with the formation of north-vergent asymmetric or overturned folds and thrust 73 faults (Hälbich, 1993; Hälbich & Swart, 1983) . The dominant CFB thrusts are south dipping and may 74 coalesce into a common décollement (Hälbich, 1983 (Hälbich, , 1993 Newton 1992; Paton et al. 2006 ). Drill 75 cores discussed by Eglington & Armstrong (2003) show that some of the Cape Supergroup underlies 76 the Karoo Basin, but it is not known how far north the Cape Supergroup extends. 77
The Cape Supergroup, and farther north the KB, unconformably overlie the Namaqua-Natal Mobile 78
Belt (NNMB, Fig. 1 ). This Mesoproterozoic complex has accreted to the lithospheric core of the 79 Kaapvaal Craton, and experienced successive periods of extension and compression between 2.0 and 80 1.0 Ga (de Wit, 1992). During the Late Proterozoic / Early Cambrian, eroded material from uplifts in 81 the NNMB filled basins to the south, forming the Kango and Kaaimans Inliers (Hälbich, 1993) . The 82 NNMB is a highly complex polymetamorphic province that constitutes three sub-provinces or terranes, 83 south, past the Agulhas-Falkland Fracture Zone (AFFZ, Fig. 1 ). Between the AFFZ and the present 116 coast a network of basins, collectively referred to as the Outeniqua Basin ( Fig. 1 The direct (refracted) P-wave arrival (P g -red), as well the Moho reflection (P m P -blue) are clearly 151 seen. Examples of airgun shots picked up by land receivers are illustrated in Fig. 3 , where, due to the 152 longer offsets, the P-waves refracted in the upper mantle (P n ) are also seen. The airguns produce much 153 less energy than the land shots, but because of their small spacing prominent arrivals can be easily 154 identified. Examples of airgun signals registered by the OBS can be seen in Fig. 4 This study uses the software package FAST (First Arrival Seismic Tomography), which was released 163
by Zelt & Barton (1998) . This package is a modification of the algorithm developed by Vidale (1988) 164 to ensure a better detectability of high velocity contrasts. To minimize the influence of the starting 165 model, we have used an iterative approach developed by Ryberg et al. (2007) , which repeats the 166 inversion 5 times, using increasingly smaller cell sizes. We have performed the inversion using vastly 167 different starting models, and found no significant differences in the resulting models. A ratio of 1:8 168 was used for the vertical-to-horizontal smoothing constraints. 169
The above technique was used to compute the velocity model for the upper crust beneath the land 170 section of the profile, as well as the northernmost 100 km of the offshore section. The final cell size 171 used was 2 km horizontal by 1 km vertical. For first-arrival tomography calculations it is important to 172 have individual rays crossing each other in every individual cell, so having airgun shots spaced in only 173 one direction from the receivers is not an optimal situation. For this reason only a small part of the 174 offshore section was used, with the purpose of improving the onshore ray coverage rather than trying to 175 compute a detailed offshore model. The resolving capabilities of the algorithm can be tested with 176 checkerboard tests, where checkerboard of alternate positive and negative velocity anomalies is added 177 to the originally computed velocity model. Synthetic travel times are then generated, and an inversion 178 is performed using these times. The inversion result is then subtracted from the initial model. If the 179 blocks can be observed in the final model, we can assume that a real feature corresponding to the 180 block's size, position and velocity perturbation would be resolved by our inversion algorithm, and 181 therefore an observed feature like that is likely to be real, and not an inversion artifact. 182
A disadvantage of FAST is that reflected phases cannot be incorporated in the model. For this reason, 183 the travel-time routine RAYINVR (Zelt & Smith, 1992 ) was used. In this program the 2-D velocity 184 model is defined in terms of layers. Velocity is specified at a number of nodes along the layer 185 boundaries, and a linear velocity gradient is assumed between nodes (both along boundaries, and with 186 depth). Rays may refract in a particular layer, reflect off any boundary, or travel as head waves along it. 187
As with FAST, model quality is determined by comparing synthetic travel times to the manually picked 188 real ones. Modelling is done as an iterative combination of forward modelling and inversion (Zelt & 
Crustal features beneath the continent 211
The upper crust model computed with FAST using first arrivals of land shots (445 P-wave arrivals), as 212 well as airgun shots less that 100 km from coast (3351 P-wave arrivals), is shown in Fig. 5 . The RMS 213 travel time residual was 0.045 seconds, and the chi-squared misfit parameter 2.60. Farther south, the geometry of the listric Kango Fault (KF) is resolved much more clearly than in the 231 earlier results . Near the surface (at ~170 km profile length) this fault marks 232 the northern edge of the Jurassic Uitenhage basin, characterised by very low velocities (~4.5 km/s). The 233 offshore section of the model is not well resolved, which was expected from the shot-receiver geometry 234 explained in the previous section. However, the very low velocities representing the sediment cover (< 235 5 km/s) are clearly seen to be significantly deeper than onshore. 236 237
Combined onshore-offshore model 238
The final RAYINVR model is shown in Fig. 7 . The programme used 21,868 travel times (over 90 % of 239 the picks). The RMS travel time residual was 0.134 seconds, which is within the uncertainty bounds of 240 individual picks. The chi-squared misfit parameter was 1. 74 . Table 2 shows how these uncertainties 241 vary for different phases. A value greater than 1 for the chi-squared parameter means the small-scale 242 features of the model have not been resolved (Zelt & Forsyth, 1994) , so we will concentrate our 243 discussion on the large-scale features. A likely explanation for a large value of chi-squared is the 244 presence of 3-D effects, in particular the fact that the onshore and offshore parts of the profile are not 245 perfectly aligned (Fig. 1) . Examples of ray paths in the model are shown in Fig. 8 . The relative ray 246 coverage available is shown in Fig. 9 , with red areas indicating poor ray coverage. 247
In addition to the standard phases P g and P m P, an unusual phase has been observed on the traces 248 recorded from the two southernmost shots (P x - Fig. 2) . The amplitude of this phase is of similar order 249 of magnitude to the P m P. Furthermore, the phase is most prominent in the vertical component, so we 250 interpret it as P-waves reflected inside the crust. As a reflected phase, these travel times could not be 251 included in the FAST model, and the corresponding reflector location was derived with RAYINVR 252 using the floating reflector technique. The position of the reflector that best fits the observed travel 253 times was found to be between profile km 190 and 220, rising steeply southwards from a depth of 35 254 km to 23 km (Fig. 7) . The steep landward dip of this reflector makes it impossible to detect reflections 255 of airgun shots off it, the same way the steeply rising Moho was invisible. 256
The most interesting feature of the joint model shown in Fig. 7 
Combined onshore-offshore model 312
The geometry and seismic velocity structure derived from a joint interpretation of onshore and 313 offshore Vp tomography (Fig. 7) 
